Idiopathic inflammatory myopathies (IIMs) are a heterogeneous group of systemic inflammatory diseases primarily affecting the skeletal muscles with associated proximal muscle weakness, arthralgias, and increased creatine kinase. Polymyositis and dermatomyositis (PM/DM) comprise the majority of these cases. Within this subgroup, however, are subsets of the IIMs that are characterized by autoantibodies against various aminoacyl-tRNA synthetases. The most common of these is the antiJo-1 antisynthetase syndrome in which anti-histidyl tRNA synthetase (anti-Jo-1) antibodies are accompanied by clinical arthritis, Raynaud's phenomenon, myositis, mechanic's hands, and interstitial lung disease (ILD). [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] The anti-Jo-1 tRNA synthetase syndrome has a higher incidence of ILD, relative to classical PM/DM, approximating 90% in some series, and the presence of anti-Jo-1 antibodies correlates with poor patient prognosis. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] In this report, we studied the pulmonary histopathologic changes of a select group of IIM patients with the anti-Jo-1 tRNA synthetase syndrome, generating the first and largest biopsy study focused on this specific group of patients.
Materials and methods
The patients assessed in this study were derived from the University of Pittsburgh myositis data base and included patients seen at the University of Pittsburgh Medical Center from 1982 through 2009 who consented to registry enrollment. Sera obtained at the time of clinical evaluation were tested for the presence of anti-Jo-1 antibodies using immunodiffusion with subsequent confirmation by ELISA. Inclusion in this study required the presence of anti-Jo-1 antibody as well as appropriate clinical data, pulmonary function tests, and imaging studies permitting the ascertainment of ILD at presentation. The diagnosis of ILD required restrictive physiology on pulmonary function testing and an abnormal chest x-ray or an abnormal high resolution computerized tomographic scan (HRCT), showing at least one of the following features preceding the time of surgical lung biopsy: reticulation of fibrosis, traction bronchiectasis, honeycomb change, or ground glass infiltrates. Pathologic assessment was restricted to surgical lung biopsies (N ¼ 13), native lungs removed at the time of lung transplantation (N ¼ 3), and autopsies (N ¼ 4) in which lung disease related to anti-Jo-1 tRNA synthetase syndrome was the cause of death. Clinical information was obtained from patient records and an average of seven hematoxylin and eosin slides (range 3-32) from each case was evaluated. Grocott and acid fast stains for microorganisms were performed on the majority of cases and were negative as were microbiologic cultures for bacteria, mycobacteria, and fungi. Biopsies were classified according to the American Thoracic Society recommendation for pattern classification of ILD including recent recommendations for acute exacerbation of chronic interstitial pneumonias.
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Results
The clinicopathologic characteristics of the 20 patients who comprised this study are shown in Tables 1 and 2 . Patients were predominantly young women (F/M ¼ 4) who presented with cough and dyspnea (N ¼ 20; 100%) often with fever (N ¼ 7; 35%). The presenting pulmonary manifestations syndromes of this patient population could be classified into three groups: six patients presented with severe rapidly progressive hypoxemia and bilateral widespread alveolar infiltrates with 1 to 2 months of complaints (Group A); nine patients presented with slowly progressive shortness of breath over 6 months to years (Group B); and five patients presented with shortness of breath for several months to years that had abruptly worsened (Group C). Reports of HRCT scans at the time of presentation were reviewed and classified into distinct patterns, which have been shown to correspond with the following pathologic forms of ILD: usual interstitial pneumonia, nonspecific interstitial pneumonia, organizing pneumonia, and acute interstitial pneumonia/diffuse alveolar damage. Of the 15 patients available for study, eight had a usual interstitial pneumonia pattern characterized by bilateral lower lobe reticulations extending to the pleura and accompanied by honeycomb change. Two patients had bilateral patchy areas of ground glass opacities with underlying reticulations and/or bronchiectasis corresponding to a nonspecific interstitial pneumonia radiologic pattern, whereas four patients had a rapidly progressive bilateral multilobar consolidation suggestive of the adult respiratory distress syndrome and one patient had patchy peripheral consolidation of the right middle and left lower lobes resembling organizing pneumonia.
The pleuropulmonary histopathologic analysis of the 20 cases with anti-Jo-1 tRNA synthetase syndrome was based on four autopsies, three native lungs removed at the time of unilateral lung transplantation, and 13 surgical biopsies. Seven cases demonstrated a usual interstitial pneumonia pattern of interstitial injury; five cases showed changes of acute and organizing diffuse alveolar damage; and two cases showed features of nonspecific interstitial pneumonia. Interestingly, five additional cases had clinicopathologic features of an acute exacerbation of an underlying chronic interstitial pneumonia with three showing background fibrosis in a usual interstitial pneumonia pattern and two with a background of fibrotic nonspecific interstitial pneumonia. In no case was there evidence of granulomatous disease, vasculitis, alveolar hemorrhage, or malignancy.
A usual interstitial pneumonia pattern of fibrosis was characterized by patchy subpleural and paraseptal interstitial scarring and parenchymal remodeling associated with a variable chronic inflammatory infiltrate and relatively normal intervening parenchyma ( Figure 1 ). Numerous interstitial fibroblastic foci comprised of proliferating fibroblasts and myofibroblasts in a very loose acid mucopolysaccharide rich myxoid background were often seen at the advancing margin of the regions of irreversible scarring ( Figure 2 ). Honeycomb fibrosis was seen in all cases of usual interstitial pneumonia. In contrast, nonspecific interstitial pneumonia patterns of fibrosis were associated septal collagenization in the setting of preserved alveolar architecture and were characterized by diffuse involvement of the pulmonary parenchyma by a uniform interstitial thickening of alveolar septae with increased amounts of septal collagen and a mild inflammatory infiltrate consisting of mononuclear cells dominated by lymphocytes and plasma cells (Figures 3 and 4) . Marked remodeling of the pulmonary parenchyma was not identified and honeycomb change was absent. A diffuse alveolar damage pattern of injury was characterized by diffuse widespread involvement of the pulmonary parenchyma and the pulmonary lobule by a pauci-inflammatory process characterized by airspace hyaline membranes, which were often disrupted and incorporated into loose fibromyxoid airspace plugs of granulation tissue, some in variable stages of incorporation into thickened alveolar septa covered by reactive pneumocytes ( Figures 5 and 6 ). This process often was associated with lobular collapse and the absence of histologically normal pulmonary parenchyma. Of Figure 1 Usual interstitial pneumonia. Usual interstitial pneumonia was characterized by a patchy predominantly subpleural process marked by alternating zones of remodeled fibrotic lung parenchyma and accompanying honeycomb change, associated with other zones with parenchymal scarring and a patchy inflammatory infiltrate with fibroblastic foci present at the advancing interstitial margin. Figure 2 Usual interstitial pneumonia. Fibroblastic foci, appeared as loose basophilic myxoid areas of active interstitial remodeling often occurring at the edge of zones of previously scarred pulmonary parenchyma. Usual interstitial pneumonia had a very sparse chronic inflammatory infiltrate and often was accompanied by areas of mucostasis and bronchiolar metaplasia. Anti-Jo-1 pulmonary disease note, this pattern contrasted with an organizing pneumonia pattern of injury where regions of normal lung alternated with other zones where intra-airway and intra-airspace granulation tissue, often in a centrilobular distribution, consolidated the pulmonary parenchyma, and corresponded to an organizing pneumonia pattern of injury. Finally, in cases classified as acute exacerbation of a chronic interstitial pneumonia, a pattern of diffuse alveolar damage was superimposed on a background pulmonary parenchyma showing either diffuse uniform alveolar septal scarring discordant with the age of the acute lung injury, or a pattern of scarring characterized by honeycomb fibrosis in a patchy distribution ( Figure 7) . The former was classified as a nonspecific interstitial pneumonia pattern of background fibrosis, whereas the latter was classified as the usual interstitial pneumonia pattern of background fibrosis.
Discussion
Pleuropulmonary manifestations of the PM/DM complex of myopathic autoimmune diseases are multiple ranging from aspiration pneumonia, Figure 4 Nonspecific interstitial pneumonia. Higher magnification of alveolar septae in nonspecific interstitial pneumonia showed that most septae were both collagenized by lamellar cords of eosinophilic collagen, often accompanied by chronic inflammatory cell infiltrate in the absence of fibroblastic foci or zones of honeycomb change. Figure 5 Diffuse alveolar damage. Diffuse alveolar damage manifested as widespread involvement of nearly all alveolar septae by a pauci-inflammatory process characterized by airspace hyaline membranes and granulation tissue, which were variably incorporated into the alveolar septa. Background pulmonary parenchyma appeared preserved without architectural remodeling or distortion. Figure 3 Nonspecific interstitial pneumonia. Nonspecific interstitial pneumonia was characterized by a relatively diffuse inflammatory process with alveolar septal thickening caused by a mononuclear inflammatory infiltrate rich in lymphocytes and plasma cells, with most alveolar septae containing increased amounts of eosinophilic collagen. Figure 6 Diffuse alveolar damage. Nearly all alveolar septae were expanded by a loose fibromyxoid connected tissue process associated with activated fibroblasts and myofibroblasts with reactive type 2 pneumocytes coating thickened alveolar septa. In some areas, airspace edema and residual hyaline membranes were identified.
Anti-Jo-1 pulmonary disease SA Yousem et al opportunistic infections, drug-induced lung disease, alveolar hemorrhage, vasculitis, and respiratory dysfunction related to disrupted chest wall and diaphragmatic mechanics. 15 Although such appearances are common, the major morbidity and mortality is tied to ILD, which affects 5-40% of this patient population. 17, 19 Within this group of PM/DM patients, however, is a subgroup with anti-Jo-1 autoantibodies that stand out because of their remarkable association with pulmonary function and chest radiographic abnormalities occurring in up to 90% of cases. 12, [15] [16] [17] 19, 21, 22 This study represents the largest and most complete study of surgical lung biopsies in this unique patient subset and provides some perspectives on the clinical course of this disease given the inclusion of late stage cases derived from lung transplantation and autopsy programs.
Historically, studies of PM/DM patients with ILD manifested primarily as usual interstitial pneumonia, organizing pneumonia, and diffuse alveolar damage. 4, 20 With the recognition of nonspecific interstitial pneumonia as a distinct histopathologic entity, 26 more recent studies have reported the preponderance of nonspecific interstitial pneumonia in the PM/DM patient population and the relative infrequency of other patterns of lung injury. 11, 12, 21, 27 Yet, this study of the anti-Jo-1 antibody positive subset of patients highlights several current differences from traditional PM/DM that warrant discussion. First, a significant manifestation of Jo-1 disease is an acute decompensation of lung function that corresponds to widespread acute lung injury (N ¼ 5; 20%) and has a radiographic pattern of bilateral widespread ground glass changes that if devoid of clinical information resembles a form of nonspecific interstitial pneumonia. Particularly, in its late healing phase, diffuse alveolar damage has morphologic similarities to nonspecific interstitial pneumonia as noted by Katzenstein and Fiorelli 26 that may, in some studies, be responsible for the reported increased incidence in autoimmune diseases. Review of multiple studies indicates that this histologic pattern of ILD corresponds to the acute clinical presentations that often result in death. 11, 17, 20, 21, 27 What our study uniquely demonstrates is a second manifestation of diffuse alveolar damage, specifically that it is often superimposed on underlying chronic fibrosing lung disease, particularly usual interstitial pneumonia and fibrotic forms of nonspecific interstitial pneumonia (N ¼ 5; 20%). Such acute exacerbations have been recently recognized in the idiopathic chronic interstitial pneumonias and are first documented here in our cohort of anti-Jo-1 disease 24, 25 that includes an important array of transplant native lungs and autopsy material. This finding also confirms observations of Tansey et al 27 that multiple patterns of lung injury often occur in autoimmune lung disease.
The relatively high percentage of usual interstitial pneumonia patients in our anti-Jo-1 group when compared with other recent PM/DM studies is also noteworthy. Although usual interstitial pneumonia may simply be more prevalent in the anti-Jo-1 subset de novo, 28 this finding may relate to the inclusion of material from three lung transplant recipients and four autopsy cases. Interestingly, as noted in the literature, there is a subgroup of 'typical' nonspecific interstitial pneumonia patients who on longitudinal radiographic study progress to a pattern of lung damage resembling usual interstitial pneumonia who are captured only by studies containing autopsy and lung transplant cases. 29, 30 Coupled with our observation of a high percentage of usual interstitial pneumonia patterns of fibrosis, such clinical data suggests that nonspecific interstitial pneumonia in the anti-Jo-1 population could evolve over time into a usual interstitial pneumonia pattern of fibrosis as well as traditional fibrotic forms of nonspecific interstitial pneumonia. This possibility should be addressed in future autopsy studies of nonspecific interstitial pneumonia. Another observation in this study of native resected lungs confirms Katzenstein et al's 31 observations that in usual interstitial pneumonia, focal areas of nonspecific interstitial pneumonia and DIP are common. Our native lungs with usual interstitial pneumonia showed broad expanses of nonspecific interstitial pneumonia like change supporting the evolutionary concept of usual interstitial pneumonia development through a nonspecific interstitial pneumonia precursor. Another caveat in interpreting other studies reporting a high incidence of nonspecific interstitial pneumonia is that many of these studies include transbronchial biopsies that could easily distort the incidence of reported histopathologic subtypes such as usual interstitial pneumonia. Certainly, the discrepancies in the percentages of usual interstitial pneumonia of our study relative to other studies, encourages longitudinal investigations of nonspecific interstitial pneumonia patients to autopsy or native Figure 7 Acute exacerbation, usual interstitial pneumonia. In the setting of marked pulmonary parenchymal scarring and remodeling, the remaining 'normal' lung demonstrated widespread acute lung injury with hyaline membrane formation (insert).
Anti-Jo-1 pulmonary disease lungs resected at transplantation, and suggests that patients with connective tissue disorders who are monitored for ILD from an early stage will be a study group who could provide information on the biologic progression of chronic ILD.
In patients with PM/DM, predictors of ILD include the presence of arthritis, older age, and anti-Jo-1 antibodies. 5, 8, 10, 11, 13, 17, 19, 21 Morbidity in both PM/DM and the anti-Jo-1 syndrome is related to acute respiratory decompensation at presentation and our study confirms this association and points out that the morphologic equivalent may be diffuse alveolar damage alone or acute lung injury superimposed on underlying fibrotic interstitial pneumonias such as usual interstitial pneumonia and fibrotic nonspecific interstitial pneumonia. 5, 8, 17, 19, 21 The limitations to this study are notable. First, this is a retrospective study, where clinical information, largely based on the referral nature of the patient population to the University of Pittsburgh, is potentially restricted. This bias limited the ability to perform and study sequential HRCT scans that could document the natural history of chronic fibrosing lung disease from very early time points in this patient population. Second, autopsies were not performed on all patients creating a gap in our ability to fully define the natural history of this subgroup. Finally, referral bias could certainly impact the distribution of histopathologic subtypes observed in our cohort based on selection of the most critically ill patients for biopsy procedures often performed at the time of lung transplantation or death.
In summary, this study represents the first and largest study of a specific subgroup of IM patients with the anti-Jo-1 tRNA synthetase syndrome who have had extensive lung parenchymal evaluations. This analysis highlights that a significant portion of these patients present with acute respiratory decompensation manifesting as pure diffuse alveolar damage or diffuse alveolar damage superimposed on underlying chronic symptomatic or asymptomatic fibrosing lung disease. This study underscores the concept that although nonspecific interstitial pneumonia characterizes a significant subset of anitJo-1 antibody positive respiratory disease, usual interstitial pneumonia represents the most common chronic pattern seen at the time of biopsy, lung transplantation, or autopsy. Overall, this insight pertaining to the natural history of anti-Jo-1 antibody positive ILD underscores the need for more systematic functional, radiographic, and histopathologic tracking that will be necessary to promote earlier therapeutic intervention and improve clinical outcome in this unique group of patients.
